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.2013.03.0Abstract Concentrations of major constituents (Na, K, Ca, Mg, CO23 , SiO
2
3 ) and some metals
(Fe, Al, Mn, Sn, Zn, V, Cu, Pb, As, Cd and Se) in surface sediments from Abu-Qir Bay and the
Eastern Harbour of Alexandria were investigated. Assessment of pollution was performed using
several pollution indices. The adverse effects on aquatic organisms were determined by classifying
the sediments according to sediment quality guidelines. Enrichment factors (EFs) revealed anthro-
pogenic sources for Sn and Cd in Abu-Qir Bay; while in the Eastern Harbour Sn and Cd possessed
high EF values (>30). High contamination factor (CF) for Sn and Cu (>6) was obtained. Concen-
trations of Sn and Se in sediments of most studied sites can regularly and occasionally affect sed-
iment-dwelling organisms. Low concentrations of Se strongly affect the variance in surface sediment
composition in both studied areas. Pollution load index (PLI) indicated that most stations in both
areas are polluted.
ª 2013 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
Abu-Qir Bay is considered as an Estuary, it lies between 3050
and 30220E and 31160 and 31280N. It extends for about
63 km from El-Montazah in the west to Rosetta mouth of
the Nile River in the east and extends northward to about
40 km in the Mediterranean Sea. The maximum depth of the
Bay reaches 16 m, while the surface area is about 360 km2 withcom (S. Abdel Ghani).
nal Institute of Oceanography
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01water volume of 4.3 km3. The Bay receives different pollutants
contributing to various waste source categories discharged
through three main openings namely; El-Tabia pumping sta-
tion, outlet of Lake Edku (Boughaz El-Maddya) and Rosetta
mouth of the Nile River (Shreadah and Tayel, 1992). Besides,
15,000 m3 day1 of industrial wastes is discharged directly into
the bay. Abu-Qir Drain receives and discharges industrial
wastewaters from 22 different factories of food processing
and canning, paper, fertilizer and textile manufacturing indus-
tries. Moreover, after the restriction of the Nile fresh water dis-
charges from Rosetta estuary as a result of the construction of
Aswan High Dam and the pollution by disposal of sewage and
industrial efﬂuents from the surrounding factories, the ﬁshery
production became poor. The Eastern Harbour of Alexandria
is a relatively small, shallow and semicircular basin. It lies be-
tween longitudes 29530 and 2954.40E and latitudes 31120 and
31130N. Its area is about 2.53 · 106 m2, with an average depthational Institute of Oceanography and Fisheries.
2 S. Abdel Ghani et al.of 6.5 m and water volume of 16.44 · 106 m3. The Harbour is
occupying the central part of the coast of Alexandria. The ex-
change between the Harbour water and the Mediterranean
water takes place through two main openings; the western
known as El-Boughaz and the eastern known as El-Silsila.
The Eastern Harbour is one of the embayment which has eco-
logical, economic and touristy importance on the southeastern
Mediterranean coast. The main sewage tube which is the main
metropolitan sewage pumping station of the central part of
Alexandria begins at Quit Bay pumping station. In addition,
it is mainly inﬂuenced by several kinds of human activities
including ﬁshing, yacht sport, land-based efﬂuents, boat build-
ing workshops, recreation and sailing boats anchoring inside
the Harbour (Saad and Shreadah, 1984).
Aim of work
This study aims at determining the levels and the distribution
of heavy metals in surface sediments of Abu-Qir Bay and the
Eastern Harbour of Alexandria, located in the Northern coast
of Egypt. Evaluation of the contamination levels was carried
out by using different pollution indices. Factor analysis was
used to discuss the distribution of heavy metals and the impact
on human health and environment was concerned too.
Materials and methods
Sampling
Sediment samples were collected in January 2010 from 28 sites
distributed along the study area (Fig. 1). Fourteen samples
were collected from Abu-Qir Bay (1A-14A) and the other four-
teen from the Eastern Harbour (1E-14E). A grab sampler was
used to collect the sediment samples to cover different regions
in the investigated area. Samples were sliced from the grab cen-
tre, using a plastic spoon to avoid contamination by the metal-
lic part of the grab and placed in self-sealed polyethylene bags
for analysis. Sediment samples were freeze-dried using Freeze-
dried (Labconco, England), ground with agate mortar and
stored at room temperature.Figure 1 Sampling stations along Abu-Qir Bay and the Eastern
Harbour.Chemicals and reagents
All reagents used were of analytical grades, and Milli-Q water
was used. Glasswares were soaked in detergent, rinsed with
water, soaked in 10% HNO3 for 5 days, then rinsed with
Milli-Q water and kept in the oven at 110 C. Precision was
determined by three replicate analyses of one sample and ex-
pressed as a coefﬁcient of variation (CV). The results of the
precision were agreed within 10%. The accuracy of the method
was tested by ﬁve replicates of a standard reference material
(IAEA/356 polluted marine sediment Austria) analysed to-
gether with the studied sediments and used to achieve the re-
sults of quality control. The concentrations of trace metals in
the reference material are shown in Table 1.
Chemical analyses and instrumentation
Sediment samples were completely digested in Teﬂon vessels at
80 C in a matrix of HNO3, HF and HClO4 (3:2:1 v/v) (Ajay
and Van Loon, 1989). A graphite furnace Atomic Absorption
(GFA-EX 7; Shimadzu AA-6800) was used for determination
of V, Se and Sn. Hydride/ASS (HVG-1; Shimadzu AA-6800)
was used for As determination. Al was measured by burner
head ﬂame mode in combination with N2O/C2H2 system (Shi-
madzu AA-6800). For other trace metals, AAS/ﬂame mode
was used (Shimadzu AA-6800). Na and K were measured
using a Flame Photometer (JENWAY PEP7). Ca and Mg were
determined volumetrically using EDTA standard solution
Erio-Chrome T and Murexide indicator (APHA, 1975). The
carbonate content was determined according to Alexjev
(1971). Si was determined colourimetrically according to
Grasshoff (1976) using a double beam UV/V Spectrophotom-
eter (SPEKOL 1300 Analytikjena).
Assessment of sediment quality
Anumberof calculationmethodshavebeenperformed forquan-
tifying the degree of metal enrichment in the studied sediments.
Several authors (Hakanson, 1980; Salomons and Fo¨rstner,
1984; Ridgway and Shimmield, 2002; Chakravarty and Patgiri,
2009; Seshan et al., 2010; Sekabira et al., 2010) have proposedTable 1 Results of validation study for heavy metal concen-
trations in the reference material (IAEA/356).
Element LOD ppm Certiﬁed value Found Recovery%
Al 0.1 39 g/kg 38 97.4359
As 0.15 ppb 26.9 ppm 27.2 101.1152
Cd 0.005 4.74 ppm 4.6 97.04641
Ca N.M 88.7 g/kg 80 90.19166
Cu 0.008 365 ppm 357 97.80822
Fe 0.025 24.1 g/kg 22 91.28631
Pb 0.05 347 ppm 344 91.97861
Mn 0.01 312 g/kg 302 96.79487
Na N.M 13.9 g/kg 12.6 90.64748
V 0.2 55.5 ppm 55.2 99.45946
Zn 0.002 977 ppm 905 92.6305
K N.M 12.6 g/kg 11.5 91.26984
Se 0.2 ppb 0.76 ppm 0.75 98.68421
Sn 0.3 ppb 52.5 ppm 50.1 95.42857
Note: LOD= Limit of detection; N.M= Not measured.
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numerical results into broad descriptive bands of pollution rang-
ing from low to high intensity. Various methods were discussed
in the following sections along with proposed modiﬁcations.
Sediment quality guidelines (SQGs)
Sediment quality guidelines (SQGs) have been developed over
the past decade by the U.S. National Oceanic and Atmo-
spheric Administration (NOAA). They include sets of ef-
fect-range guidelines derived from a large series of chemical
and biological data collected from North American coastal
regions that incorporate ﬁeld and laboratory data from many
different methodologies, chemical and biological species.
They help in predicting the adverse biological effects in con-
taminated sediments (MacDonald et al., 2000b; Ingersoll
et al., 2001). They are also used to rank and prioritize con-
taminated areas for further investigation. SQGs were devel-
oped using a variety of approaches, such as an effect-range,
an effect-level and an apparent effect threshold approach.
Chemical concentrations corresponding to the 10th and
50th percentiles of adverse biological effects were called the
Effects range-low (ERL) and effects-range-median (ERM),
respectively. NOAA guidelines provide two values for each
chemical, classifying sediment either rarely (<ERL), occa-
sionally (PERL and <ERM) or frequently (>ERM) associ-
ated with adverse biological effects (MacDonald et al.,
2000a,b; Bakon and Ozkoc, 2007). These synthesized guide-
lines consist of a threshold effect concentration (TEC) below
which adverse effects are not expected to occur and a proba-
ble effect concentration (PEC) above which adverse effects
are expected to occur more often than not (MacDonald
et al., 2000b). However, those equal to and above TEC but
below PEC represent a range of concentrations within which
adverse effects may occasionally occur for sensitive organ-
isms, but only a slight risk may have taken place (Long
et al., 1995; Pekey et al., 2004; Bakon and Ozkoc, 2007).
Pollution indices
The degree of heavy metal pollution can be estimated using the
metal pollution index (MPI) according to the following formula:
MPI ¼ ðMn Zn Cu Pb Sn Cd VAs SeÞ1=9
M is the concentration of a metal, expressed in lg g1; dry
weight (Usero et al., 1996).
Calculating enrichment factor (EF) is an essential part of
geochemical studies in distinguishing heavy metals that origi-
nated from human activities and those from natural weather-
ing (Praveena et al., 2010). One such technique greatly
applied is normalizing a metal concentration to a texture or
compositional characteristic of sediments. Al or Fe is used as
a normalization element to alleviate the variations produced
by heterogeneous sediments. EF is calculated using the follow-
ing equation:
EF ¼ ðM=AlÞsampleðM=AlÞcrust
where (M/Al)sample is the ratio of the metal and Al concen-
tration of the sample, and (M/Al)crust is the ratio of the metal
and Al in crust (Liaghati et al., 2003; Ong and Kamaruzzaman,
2009).Contamination factor is an effective tool for monitoring
pollution over a period of time and evaluating the pollution
of environmental single substances (Turekian and Wedepohl,
1961; Loska et al., 1997). Individual contamination factors
are calculated based on the following formula:
CF ¼Mx=Mb
whereMx is the concentration of the target metal andMb is
the concentration of the metal in the selected reference back-
ground. CF is deﬁned according to four categories as follows:
(CF < 1 low contamination factor; 1 < CF < 3 moderate
contamination factor; 3 < CF < 6 considerable contamina-
tion factor; CF > 6 very high contamination factor).
The overall degree of contamination is given by:
Cd ¼
X9
i¼1
Cif
Since it is not always feasible to analyse all the components
used for this index, a variation of this method was proposed by
Abrahim and Parker (2008).The modiﬁed degree of contami-
nation is
mCd ¼
P9
i¼1C
i
f
9
It enables the extraction of a ﬁnal degree of contamination
based on the available contaminant determinations. Classiﬁca-
tion of the sediments according to the modiﬁed degree of con-
tamination is as follows: (0 < mCd < 1.5 very low degree of
contamination; 1.5 < mCd < 2 low degree of contamination;
2 < mCd < 4 moderate degree of contamination;
4 < mCd < 8 high degree of contamination; 8 < mCd < 16
very high degree of contamination; 16 < mCd < 32 extremely
high degree of contamination; mCdP 32 ultra high degree of
contamination).
The pollution load index (PLI) of each site was evaluated as
indicated by Tomilson et al. (1980).
Pollution load index ¼ ðCF1  CF2  . . .CFnÞ1=n
where, n is the number of metals and CF is the contamination
factor. Contamination can be estimated as follows: (PLI > 1
polluted; PLI value < 1 unpolluted (Chakravarty and Patgiri,
2009; Seshan et al., 2010).
A common approach for estimating the enrichment of me-
tal concentration above background or baseline concentra-
tions is calculating the geoaccumulation (Igeo) as proposed
by Mu¨ller (1969). This method assesses the degree of metal
pollution in terms of seven enrichment classes based on
increasing the numerical values of Igeo.
Igeo ¼ log2Cn=1:5Bn
where, Cn is the element concentration in the enriched samples
and Bn is the background value of the element. The factor 1.5
is introduced to minimize the effect of possible variations in
the background values which may be attributed to lithologic
variations in the sediments (Stoffers et al., 1986).
Mu¨ller (1969) proposed the following descriptive classes for
increasing Igeo values. Samples were divided into six groups:
unpolluted (Igeo < 1), very low polluted (1 < Igeo < 2), low
polluted (2 < Igeo < 3), moderately polluted (3 < Igeo < 4),
highly polluted (4 < Igeo < 5) and very highly polluted
(Igeo > 5).
4 S. Abdel Ghani et al.Statistical analysis
Principle component analysis (PCA) enables a reduction of
data and description of a given multi dimensional system
(Liu et al., 2003; Loska and Wiechula, 2003). PCA was applied
on multivariate data derived from the chemical analysis of 28
stations in the study area. PCA and factor analyses as Varimax
normalization rotated were performed with SPSS program ver-
sion 15.0 for Windows. The number of factors was determined
by the total variance explained, i.e. communality, usually more
than 85% was necessary.Results and discussion
Distribution of major constituents and total metals
Percentages of major constituents, i.e. silicate, carbonate, so-
dium, potassium, calcium, and magnesium along the study
area are shown in Table 2. The concentration of silicate ran-
ged from 65.19% to 97.53% and from 0% to 84.47% for
Abu-Qir and the Eastern Harbour; respectively reﬂectingTable 2 Average total metal concentrations of major constituents
Harbour of Alexandria, Egypt.
Station Position Silicate%
Abu-Qir Bay
1 A 311801500N 300501400E 87.60
2 A 311800200N 300601500E 85.10
3 A 311703100N 300700800E 79.20
4 A 311702000N 300802300E 95.50
5 A 311800900N 300905600E 90.06
6 A 311802400N 300803500E 65.19
7 A 311803100N 300702300E 90.11
8 A 311804800N 300602300E 92.53
9 A 311902200N 300500100E 91.03
10 A 311703500N 300500300E 95.05
11 A 311604700N 300600300E 95.03
12 A 311603400N 300700800E 97.53
13 A 311602400N 300804000E 96.55
14 A 311601200N 300904400E 94.58
Min 65.19
Max 97.53
Mean 89.65
The Eastern Harbour
1 E 3112040’0N 295301900E 40.64
2 E 311201600N 295301600E 84.47
3 E 311201000N 295302100E 54.18
4 E 311200400N 295304000E 0.00
5 E 311201000N 295305700E 26.74
6 E 311201800N 295305500E 15.98
7 E 311203100N 295402100E 58.70
8 E 311203700N 295400800E 20.15
9 E 311204700N 295400900E 24.59
10 E 311203900N 295303900E 21.53
11 E 311203900N 295303900E 11.81
12 E 311204000N 295301000E 18.76
13 E 311203700N 295300500E 26.05
14 E 311203000N 295300300E 42.37
Min 0.00
Max 84.47
Mean 31.86mainly the silicate composition of sediments in the study area.
Carbonate ranged from 2.47% to 34.81% and from 5.42% to
99.52% for Abu-Qir and the Eastern Harbour respectively.
High values of carbonate at some stations were attributed
to the aquatic plants and phytoplankton applied to extract
CO2, and thus promote precipitation of carbonate. Moreover,
the high values were probably due to the biogenic precipita-
tion of organite by aquatic organisms building their calcare-
ous shells and due to calcium rich water where CaCO3
is precipitated with increasing pH during photosynthesis
(Hasan, 2006).
Sodium is considered as an active cation in the aquatic envi-
ronment. Deep-sea and nearshore sediments have similar con-
tents of alkali metals, and the bulk of these elements are
associated with the clay fraction (Moussa and Ergin, 1993).
Sodium concentration in sediments of Abu-Qir Bay ranged
from 2.21% to 4.13% and from 1.95% to 4.04% in sediments
of the Eastern Harbour. The slight variation in sodium con-
centrations can be attributed to the minor changes of mineral-
ogy or grain size of the sediments (Lerman, 1978). The high
contents of sodium in marine sediments may be resulted from(% dry weight) in sediments of Abu-Qir Bay and the Eastern
Carbonate% Na% K% Ca% Mg%
12.40 2.82 0.25 4.96 9.62
14.90 3.42 1.91 5.96 17.35
20.80 3.11 1.52 7.20 15.83
4.50 2.70 1.92 1.80 4.12
9.94 2.68 0.51 3.98 3.26
34.81 2.23 1.15 13.92 2.65
9.89 2.37 1.27 3.95 11.63
7.47 2.83 2.04 2.99 7.37
8.97 3.13 2.30 3.59 5.68
4.95 2.52 2.03 1.98 17.06
4.97 2.82 2.16 1.99 8.67
2.47 4.13 4.04 0.99 20.21
3.45 2.95 2.53 1.38 11.97
5.42 2.21 1.51 2.17 2.99
2.47 2.21 0.25 0.99 2.65
34.81 4.13 4.04 13.92 20.21
10.35 2.85 1.80 4.06 9.89
56.90 2.81 2.41 22.76 5.16
5.42 2.80 1.01 2.17 9.66
35.41 3.29 0.90 14.17 4.85
99.52 2.38 1.02 39.81 4.35
69.54 2.23 0.89 27.82 5.06
82.53 2.70 1.79 33.01 8.37
31.36 2.98 1.02 12.54 13.88
77.15 3.13 0.51 30.86 3.98
67.02 2.53 0.51 26.81 6.26
72.59 1.95 0.38 29.03 5.71
39.96 4.04 0.90 15.98 6.30
74.72 2.83 0.64 29.89 3.99
76.98 2.53 0.51 30.79 3.73
57.39 2.69 0.38 22.95 5.08
5.42 1.95 0.38 2.17 3.73
99.52 4.04 2.41 39.81 13.88
60.46 2.78 0.92 24.19 6.17
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and Skirrow, 1965). Potassium is considered as an active cat-
ion in the aquatic environment. The values of K+ ﬂuctuated
from 0.25% to 4.04% in Abu-Qir Bay and from 0.38% to
2.41% in the Eastern Harbour. A positive correlation found
between Na+ and K+ (r= 0.675), in sediment of the Abu
Qir, pointed to the distribution of both elements in the sedi-
ment that may depend on each another. On the other hand,
a weak positive correlation (r= 0.129) was found in the sedi-
ment of Eastern Harbour. The changes in the K+ contents at
different stations of sediment depend mainly on the nature of
the sediment (Moussa and Ergin, 1993). In the geochemical cy-
cle, Na+ and K+ tend to be separated during weathering and
deposition processes. The levels of calcium ranged from 0.99%
to 13.925% and from 2.17% to 39.81% for Abu-Qir Bay and
the Eastern Harbour, respectively. The observed high values of
Ca at some stations may due to the ability of phytoplankton to
extract CO2 from water to raise the pH and precipitation of
CaCO3 (Lerman, 1978), the biogenic origin where the aquatic
organisms readily abstract calcium to form their skeletal
framework (Hasan, 2006). Magnesium concentrations depend
on both the nature and the type of sediments. Generally, cal-
cium and magnesium may inhibit the sorption of other cations
especially trace metals, such as Mn, Zn, Cu, Pb and Cd on
metallic oxides like Al2O3 and FeO(OH) (Ruttner, 1963).
The concentrations of magnesium ranged from 2.65% to
20.21% and from 3.73% to 13.88% for Abu-Qir Bay and
the Eastern Harbour; respectively.
It was observed that Fe and Al are the predominant selected
heavy metals while Se is the least abundant (Table 3). The de-
crease in the average concentrations of total metals in sediments
of Abu-Qir Bay was represented as follows: Fe > Al >
Mn> Sn > Zn > V> Cu> Pb > As > Cd> Se; while in
the Eastern Harbour it was represented as follows: Fe > Al >
Mn> Zn > Sn > Cu> Pb > V> As > Cd> Se.
A comparative study between metal concentrations in sed-
iments of Abu Qir-Bay and the Eastern Harbour with those of
other regions Table 4 revealed that sediments of Abu-Qir Bay
have higher concentrations of Fe, Al, Mn, Cd, V and Sn and
lower concentrations for Zn, Pb, Cu and As than those ob-
served in the Eastern Harbour. Concentrations of Fe were low-
er than those measured in Algeciras Bay but higher than thoseTable 3 Average total metal concentrations (lg g-1; dry weight) in se
Egypt.
Station Fe Al Mn Zn Sn
Abu-Qir Bay
Min 90 4960 115.03 25.23 3.40
Max 35890 19860 479.60 104.08 354.9
Mean 15904.29 9424.29 233.37 50.98 151.8
The Eastern Harbour
Min 10 774 7.80 2.90 22.53
Max 30240 6360 188.97 206.89 242.9
Mean 12946.92 3004.92 118.76 92.17 69.93
ERL NA NA NA 150 NA
ERM NA NA NA 410 NA
TLV NA NA NA 200 30
Note: ERL= effects range-low; ERM= effects range-median; TLV= tobserved in the Eastern Mediterranean coast of Egypt, western
part of the Mediterranean, El-Mex Bay, Burullus lagoon and
the Red Sea coast. The measured values of Al were lower than
those observed in the Western Harbour of Alexandria. Mn
showed values lower than those reported in Algeciras Bay,
Egyptian coast along the Mediterranean Sea, Burullus lagoon,
Abu-Qir Bay and the Red Sea coast. The measured values were
higher than those reported in the Eastern Mediterranean coast
of Egypt and the western part of the Egyptian Mediterranean
Sea. Zn exhibited values that exceeded than those observed in
the Eastern Mediterranean coast of Egypt but lower than those
measured in Izmir, El-Mex Bay, Burullus lagoon and Abu-Qir
Bay. Pb and Cu possessed lower levels than found in Burullus
lagoon and the Western Harbour. Cd showed values lower
than those measured in Burullus lagoon. However, Cd, V
and Sn levels in Abu-Qir exceeded those observed in the Wes-
tern Harbour reﬂecting high pollution. In this study, the levels
of As were within the range measured in the Western Harbour
(0.8 lg g1; dry wt) (Mostafa et al., 2004). The range of Se was
slightly lower than that reported in the Western Harbour
(Mostafa et al., 2004).
Application of sediment quality guidelines
The distribution patterns of total metal concentrations in
sediments of the study area are shown in (Fig. 2) and com-
pared with SQGs (TLV: Threshold limit value, ERM and
ERL) to determine whether the metal concentrations pose
a threat to the aquatic life. The incidence of the effects in-
creased from 20% to 30% for most trace metals when the
concentration exceeded ERL values and lower than those
of the ERM. The incidence of the adverse effects increased
from 60% to 90% when the concentrations exceeded the
ERM values.
Fig. 2 shows that for the Eastern Harbour, Cu and Pb sur-
passed the ERL at stations 1E, 11E, 12E and 13E; respectively.
Zn and As, on the other hand, surpassed the ERL at stations
1E and 11E, respectively. The concentration of Cd surpassed
the ERL and TLV in Abu-Qir Bay implying that biota might
be regularly and occasionally exposed to toxic effects at these
stations. Se and Sn surpassed the TLV at most stations of the
study area. Metal concentrations in assessed sediment samplesdiments of Abu-Qir Bay and the Eastern Harbour of Alexandria,
Cu Pb V As Cd Se
10.24 1.90 5.57 1.60 0.31 0.06
9 22.85 16.79 70.64 8.67 4.89 1.75
2 13.64 8.20 22.66 5.30 2.93 0.52
3.80 1.30 2.85 4.01 0.30 0.08
4 129.20 112.09 23.10 16.21 1.83 1.75
43.15 40.57 11.81 7.89 1.11 0.84
34 46.7 NA 8.2 1.2 NA
270 218 NA 70 9.6 NA
75 100 NA 15 1 1
hreshold limit value; NA= not available.
Table 4 Comparison of metal concentrations in sediments of Abu-Qir Bay and the Eastern Harbour with other regions (lg g1; dry wt).
Location Fe Al Mn Zn Pb Cd Cu V Sn As Se References
Abu-Qir Bay 90–35890 4960–19860 115.03–479.60 25.23–104.08 1.90–16.79 0.31–4.89 10.24–22.85 5.57–70.64 3.40–354.99 1.60–8.67 0.06–1.75 Present study
The Eastern
Harbour
10–30240 774–6360 7.80–188.97 2.90–206.89 1.30–112.09 0.30–1.83 3.80–129.20 2.85–23.10 22.53–242.94 4.01–16.21 0.08–1.75 Present study
Algeciras Bay
(south of Spain)
18285–42756 – 235–967 33–117 12–39 0.1–0.7 5–25 36–94 – 8–23 – Diaz–de Alba et al. (2011)
Izmir Bay,
Turkey
– – – 14–412 3.1–119 0.005–0.82 2.20–109 – – – – Kucuksezgin et al. (2011)
Eastern
Mediterranean
coast of Egypt
50.63–2182.1 – 10.03–119.37 1.86–14.03 8.54–19.25 0.1–0.31 0.55–17.99 – – – – Khaled et al. (2009)
Western part of
the Egyptian
Mediterranean
Sea
709.1–1433.9 – 32.27–108.92 26.27–112.07 20.67–35.62 0.524–0.92 26.529–33.33 – – – – Ahdy and Khaled (2009)
El-Max Bay 512.86–2490.59 – 159.31–361.98 51.35–448.34 8.8–88.68 2.54–7.54 3.29–47 – – – – Abdallah (2008)
Egyptian coast
along
Mediterranean
Sea
124–36868.8 – 13.48–1384.27 16.61–166.54 49.9–109.77 3.7–53.41 6.94–192.5 – – – – El Nemr et al. (2007)
Burullus lagoon 2551–3816 – 56.27–749.8 7.89–754.59 4.51–153.07 0.75–24.69 2.67–366.35 – – – – Khalil et al. (2007)
Abu-Qir Bay 12920–14480 – 800–2520 118–1779 – – 38–561 – – – – Faragallah et al. (2004)
The Western
Harbour
8819–36140 9873–59204 139–317 58.5–382 38–1070 0.61–2.44 39–207 7.0–59.1 2.1–15.3 4.7–15 0.8–3.4 Mostafa et al. (2004)
Red Sea coasts 1032.6–4988.6 – 54.9–11095.4 22.23–163.56 10.78–70.37 1.175–8.14 3.79–48.870 – – – – Masoud et al. (2010)
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Figure 2 Distribution patterns of total metal concentrations (lg g-1) and sediment quality guidelines.
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(Table 5). Results revealed that all stations in Abu-Qir Bay
possess values less than TEC for Cu, Pb and Zn. Eight stations
exceeded TEC for Cd and only one station for Mn. In the
Eastern Harbour, TEC values for As, Cd, Cu, Pb and Zn ex-
ceeded at some stations. Moreover, all metal concentrations
were less than PEC at all sampling sites. These results indicated
that the concentrations of investigated metals have no harmful
effects on sediment-dwelling organisms.Applications of pollution indices
Table 6 presents EF values of the investigated metals. The val-
ues for the surﬁcial earth crust were cited from Martin and
Meybek (1979) and represent the average composition of the
surﬁcial rocks exposed to weathering. Results revealed that
the Eastern Harbour has higher EF values for Zn, Cu, Pb
and As than Abu-Qir Bay. Se and V exhibited the lowest EF
Table 5 Recommended sediment quality guideline values for metals and associated levels used in assessments of sediment quality.
Metal Level 1 Level 2 Level 3 Level 4 Source of SQG
Eﬀect-Based
Concentrations
Concern
6 TEC
Concern
> TEC 6 MEC
Concern
> MEC 6 PEC
Concern
> PEC
Stations TEC Stations MEC Statios PEC Stations
AQ EH AQ EH AQ EH AQ EH
As 14 10 9.8 – 4 21.4 – 33 – – MacDonald et al. (2000b)
Cd 6 5 0.99 – 9 3 8 – 5 – –
Cu 14 8 32 – 4 91 – 2 150 – –
Pb 14 9 36 – 2 83 – 3 130 – –
Mn 13 14 460 1 – 780 – – 1.1 – –
Zn 14 11 120 – 3 290 – – 460 – –
8 S. Abdel Ghani et al.values among the studied metals. Sn and Cd had the highest
EF values among the nine studied metals. The EF values for
Sn and Cd at all stations of the Eastern Harbour and at most
stations (90%) of Abu-Qir Bay were more than thirty, indi-
cating a high degree of Sn and Cd contamination (very severe
enrichment). The results revealed that sediments of the study
area are enriched with most metals.
According to the calculated data of the metal pollution in-
dex (MPI), it can be concluded that the highest values (21.15
and 24.78) were found at stations 2A and 11E for Abu-Qir
Bay and the Eastern Harbour, respectively (Table 7). In addi-
tion, stations 1E, 12E and 13E in the Eastern Harbour suffered
from metal pollution with MPI values of 18.44, 19.09 and
22.07, respectively. This may be due to the presence of theTable 6 Enrichment factors for heavy metals along the area of stu
St. No. EFMn EFZn EFSn EFCu
Abu-Qir Bay
1 A 2.83 3.19 279.40 3.54
2 A 1.76 5.66 100.46 4.93
3 A 3.10 4.04 71.75 4.19
4 A 1.75 1.54 3.07 2.38
5 A 2.29 1.95 8.52 3.23
6 A 2.23 3.10 487.74 4.47
7 A 2.35 5.74 328.82 4.38
8 A 2.28 2.90 116.26 2.77
9 A 1.80 3.58 389.14 3.31
10 A 2.39 2.92 59.21 3.47
11 A 1.86 2.52 276.46 2.81
12 A 1.84 2.08 102.81 2.04
13 A 2.53 2.21 33.38 2.44
14 A 4.74 2.32 87.84 2.73
The Eastern Harbour
1 E 3.09 20.49 73.89 43.93
2 E 4.07 14.45 75.17 22.64
3 E 4.99 12.00 220.01 25.05
4 E 5.53 2.04 431.12 10.63
5 E 5.18 13.74 195.55 15.97
6 E 0.46 5.53 246.84 6.31
7 E 6.06 15.26 115.69 22.07
8 E 8.39 37.27 1851.95 39.09
9 E 4.91 18.71 245.76 23.75
10 E 7.06 13.26 231.03 20.73
11 E 2.86 17.74 30.67 43.96
12 E 4.00 33.39 114.69 64.36
13 E 3.03 20.92 215.64 47.63
14 E 0.18 3.41 49.44 3.56main sewage tube which begins at Quit Bay pumping station.
Further, the area is mainly inﬂuenced by several kinds of hu-
man activities including ﬁshing, yacht sport, land-based efﬂu-
ents, boat building workshops, recreation and sailing boat
anchoring inside the Harbour (Saad and Shreadah, 1984).
The results of contamination factors (Table 7) indicated
that in Abu-Qir Bay, Sn and Cd possess the highest CFs
reﬂecting highly contaminated sediments (CF > 6). Sediments
of all sites are moderately contaminated (1 6 CF< 3) with
Cu. Se showed low to moderate contamination while As exhib-
ited low to considerable contamination. The rest of metals re-
mained within the low contamination level of the sediment
(CF < 1). Results of the Eastern Harbour showed that the
highest CFs are observed for Sn, Cu and Pb reﬂecting highlydy.
EFPb EFV EFAs EFCd EFSe
1.13 0.89 7.32 42.01 0.33
5.80 2.50 7.50 149.81 0.51
1.24 1.44 6.25 37.33 0.11
4.12 0.87 5.99 161.96 0.25
5.55 1.28 7.90 218.92 0.45
7.50 0.92 15.16 326.60 0.96
8.89 1.24 14.26 307.92 0.80
4.76 1.50 4.08 182.30 0.04
4.99 0.94 2.13 214.46 1.01
0.71 1.51 1.51 34.58 0.08
4.07 0.46 4.64 195.64 0.24
0.52 1.20 2.86 5.50 0.59
1.01 2.84 1.57 7.76 0.13
0.78 5.18 1.47 11.17 0.12
75.66 2.71 30.67 82.65 0.12
29.46 3.05 17.01 57.10 3.11
24.19 2.72 15.54 75.73 2.90
11.63 15.43 51.09 134.24 8.08
40.45 2.01 24.05 133.94 2.29
27.07 1.77 16.83 73.23 1.18
30.70 2.24 19.46 104.54 5.37
17.92 1.79 73.34 349.75 1.07
18.16 1.94 13.32 197.65 1.15
3.24 1.98 31.02 285.35 0.63
61.03 2.59 13.66 99.36 0.70
139.14 3.19 28.93 214.93 1.67
57.86 4.10 30.44 186.78 3.24
1.08 2.82 26.43 139.72 1.49
Table 7 Contamination factor (CF), modiﬁed degree of contamination (mCd), pollution load index (PLI) and metal load index (MLI)
for heavy metals in the study area.
St. No. CF Sum CF mCd PLI MPI
Mn Zn Sn Cu Pb V As Cd Se
Abu-Qir Bay
1 A 0.26 0.64 29.80 1.51 0.17 0.10 2.46 2.99 0.60 38.52 4.28 0.93 10.20
2 A 0.22 1.55 14.55 2.86 1.20 0.36 3.42 14.46 1.27 39.88 4.43 1.93 21.15
3 A 0.34 0.99 9.25 2.16 0.23 0.19 2.53 3.21 0.25 19.13 2.13 0.94 10.28
4 A 0.21 0.40 0.43 1.32 0.82 0.12 2.61 14.94 0.58 21.42 2.38 0.78 8.49
5 A 0.20 0.38 0.87 1.32 0.81 0.13 2.54 14.90 0.78 21.93 2.44 0.86 9.45
6 A 0.14 0.42 34.90 1.28 0.77 0.07 3.41 15.58 1.18 57.75 6.42 1.26 13.80
7 A 0.15 0.84 25.31 1.35 0.98 0.10 3.45 15.80 1.05 49.03 5.45 1.42 15.53
8 A 0.26 0.73 15.37 1.46 0.90 0.20 1.70 16.06 0.10 36.77 4.09 1.08 11.83
9 A 0.17 0.77 44.37 1.51 0.81 0.11 0.77 16.30 1.97 66.79 7.42 1.39 15.19
10 A 0.27 0.74 7.95 1.86 0.14 0.20 0.64 3.10 0.18 15.09 1.68 0.68 7.40
11 A 0.20 0.59 34.31 1.39 0.72 0.06 1.81 16.19 0.50 55.77 6.20 1.14 12.52
12 A 0.45 1.13 29.47 2.34 0.21 0.35 2.58 1.05 2.92 40.49 4.50 1.40 15.28
13 A 0.43 0.85 6.77 1.98 0.29 0.58 1.00 1.05 0.47 13.43 1.49 0.91 9.90
14 A 0.56 0.62 12.35 1.53 0.16 0.73 0.65 1.05 0.30 17.95 1.99 0.81 8.88
The Eastern Harbour
1 E 0.18 2.60 4.94 11.76 7.23 0.18 6.46 3.69 0.13 37.17 4.13 1.69 18.44
2 E 0.18 1.40 3.84 4.63 2.15 0.16 2.74 1.95 2.73 19.78 2.20 1.41 15.37
3 E 0.18 0.97 9.43 4.29 1.48 0.12 2.10 2.16 2.13 22.87 2.54 1.32 14.41
4 E 0.05 0.04 4.82 0.48 0.19 0.17 1.80 1.00 1.55 10.09 1.12 0.43 4.66
5 E 0.16 0.96 7.21 2.35 2.13 0.07 2.79 3.29 1.45 20.41 2.27 1.21 13.22
6 E 0.03 0.76 17.92 1.83 2.81 0.13 3.85 3.54 1.47 32.32 3.59 1.20 13.08
7 E 0.16 0.92 3.66 2.79 1.39 0.07 1.94 2.20 2.92 16.04 1.78 1.07 11.71
8 E 0.12 1.16 30.37 2.56 0.42 0.03 3.79 3.82 0.30 42.56 4.73 0.94 10.26
9 E 0.16 1.35 9.36 3.62 0.99 0.07 1.60 5.02 0.75 22.92 2.55 1.14 12.44
10 E 0.15 0.62 5.70 2.05 0.11 0.05 2.41 4.70 0.27 16.06 1.78 0.64 7.00
11 E 0.22 3.09 2.82 16.15 8.01 0.24 3.95 6.08 1.10 41.65 4.63 2.27 24.78
12 E 0.12 2.28 4.13 9.26 7.15 0.12 3.28 5.15 1.03 32.51 3.61 1.75 19.10
13 E 0.11 1.74 9.44 8.34 3.62 0.18 4.20 5.45 2.43 35.52 3.95 2.02 22.07
14 E 0.01 0.39 2.97 0.86 0.09 0.17 5.00 5.59 1.53 16.61 1.85 0.57 6.20
Figure 3 Pollution load index of (Mn, Zn, Cu, Pb, Cd, Sn, V, As
and Se) in Abu-Qir Bay and the Eastern Harbour.
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Se showed low to moderate contamination while As showed
moderate to highly contaminated. V and Mn remained within
the low contamination level of the sediment (CF < 1).
An intrinsic feature of the modiﬁed degree of contamina-
tion (mCd) was calculated to produce an overall average value
for a range of pollutants. The modiﬁed degrees of contamina-
tion (mCd) for the sediments of the study area are shown in
(Table 7). Abu-Qir Bay showed mCd values ranging from 1.6
to 7.4 reﬂecting low to high degree of contamination. The
Eastern Harbour exhibited values ranging from 1.1 to 4.6 indi-
cating very low to high degree of contamination. The mCd val-
ues were calculated based on separate contamination factors
which did not consider the normalizing factor of Fe. Therefore
it gives values that are not reproducible to every environment
with the same degree of contamination and not easily com-
pared to other areas studied in the past with different geolog-
ical backgrounds. High values were found in Abu-Qir Bay at
stations 6A, 7A, 9A and 11A. The PLI values calculated for
each site were shown in Table 7 and represented graphically
in Fig. 3. Most studied sites were found to be polluted
(PLI > 1) suggesting an input from anthropogenic sources.
The source of pollution is determined through the normal-
ization of geoaccumulation values to the reference element. In
the present study the background values (Bn) for Cu, Pb and
Zn are 8, 14 and 67, respectively (Bervoets and Blust, 2003).The Bn values for Mn and Cd are 850 and 0.3 based on the
world geochemical background values in the average shale
(Turekian and Wedepohl, 1961). Se is 0.6 (Mason and Moore,
1982); while 97 and 8 are found for V and Sn (Martin and
Meybek, 1979) and 2.51 for As (Kabata-Pendias, 2000). The
values of geoaccumulation index for Mn, Zn, Pb, Cu, Se and
Table 8 Geoaccumulation index (Igeo) for metals in the study area.
St. No. Mn Zn Sn Cu Pb V As Cd Se
Abu-Qir Bay
1 A 2.55 1.22 4.31 0.01 3.13 3.95 0.71 0.99 1.32
2 A 2.79 0.05 3.28 0.93 0.32 2.02 1.19 3.27 0.24
3 A 2.15 0.61 2.62 0.53 2.71 2.99 0.76 1.10 2.58
4 A 2.87 1.90 1.82 0.19 0.88 3.62 0.80 3.32 1.36
5 A 2.92 1.99 0.79 0.19 0.89 3.49 0.76 3.31 0.94
6 A 3.47 1.84 4.54 0.23 0.97 4.47 1.19 3.38 0.34
7 A 3.29 0.84 4.08 0.15 0.62 3.94 1.20 3.40 0.51
8 A 2.55 1.05 3.36 0.04 0.74 2.89 0.18 3.42 3.91
9 A 3.11 0.96 4.89 0.01 0.89 3.77 0.97 3.44 0.39
10 A 2.47 1.01 2.41 0.31 3.47 2.85 1.23 1.05 3.03
11 A 2.94 1.34 4.52 0.11 1.05 4.68 0.27 3.43 1.58
12 A 1.75 0.41 4.30 0.64 2.81 2.09 0.78 0.51 0.96
13 A 1.79 0.82 2.17 0.40 2.36 1.35 0.58 0.51 1.68
14 A 1.41 1.28 3.04 0.03 3.25 1.01 1.21 0.52 2.32
The Eastern Harbour
1 E 3.10 0.79 1.72 2.97 2.27 3.02 2.11 1.30 3.49
2 E 3.09 0.10 1.36 1.63 0.52 3.24 0.87 0.38 0.87
3 E 3.05 0.62 2.65 1.52 0.02 3.65 0.48 0.53 0.51
4 E 4.84 5.11 1.68 1.66 3.01 3.09 0.26 0.58 0.05
5 E 3.21 0.64 2.26 0.65 0.51 4.31 0.89 1.13 0.05
6 E 5.74 0.98 3.58 0.29 0.90 3.52 1.36 1.24 0.03
7 E 3.21 0.71 1.29 0.90 0.11 4.38 0.37 0.55 0.96
8 E 3.69 0.37 4.34 0.77 1.84 5.64 1.34 1.35 2.32
9 E 3.24 0.15 2.64 1.27 0.60 4.31 0.09 1.74 1.00
10 E 3.34 1.27 1.93 0.45 3.71 4.91 0.68 1.65 2.49
11 E 2.75 1.04 0.91 3.43 2.42 2.62 1.40 2.02 0.45
12 E 3.62 0.60 1.46 2.63 2.25 3.68 1.13 1.78 0.54
13 E 3.74 0.21 2.65 2.48 1.27 3.03 1.48 1.86 0.70
14 E 7.35 1.95 0.98 0.81 4.01 3.12 1.74 1.90 0.03
10 S. Abdel Ghani et al.V in Abu-Qir Bay revealed an unpolluted status (Table 8). The
calculated values for As indicated that most of the sample sites
can be characterized as unpolluted (Igeo < 1); however, Igeo
values for Sn described sediments as unpolluted to highly pol-
luted. The pollution status for Cd was ﬂuctuated from unpol-
luted to moderately polluted. On the other hand, Mn, Zn,V
and Se in the Eastern Harbour sediments were unpolluted;
while Pb, As and Cd were unpolluted to low polluted class. Igeo
values for Sn and Cu revealed that sediments of the Eastern
Harbour were unpolluted to highly polluted for Sn and unpol-
luted to moderately polluted for Cu.
The values obtained from variable calculated factors may
point to different conclusions and may mislead to coinciding
or colliding assessments. It is clear that these factors should
not be used as a unique assessment tool for the speciﬁed area.
Nevertheless, Igeo shows the general tendency already proved
by the EF and CF of the area that the content of Sn and Cd
in the investigated sediments was clearly of anthropogenic ori-
gin and had accumulated over a long period of time.
Statistical analysis
Factor analysis for Abu-Qir region
The distribution manner of individual association of element
was determined by the principal component method. For clas-
siﬁcation and exploration of the distribution of heavy metal
pollution in the Abu-Qir region, the pattern recognition tech-
nique of factor was applied to the matrix data (Table 9). Ro-tated Varimax factor analysis was applied on Fe, Al, Mn,
Zn, Pb, Cd, Cu, V, Sn, As and Se. Three factors explaining
82.4% of total variance were adopted for total heavy metals
in sediments. Factor (41.8%) had a high positive factor load-
ing for Fe (0.895) and Mn (0.904) and a high negative loading
to Pb (0.902) and Cd (0.904). It may be concluded that Fe
and Mn had the same source and showed a negative correla-
tion with Pb and Cd. Factor 2 (25.6%) had a high positive fac-
tor loading to Zn (0.925) and Cu (0.935). Factor 3 (15%)
possessed a positive loading to Sn (0.886) and Se (0.819). Fur-
thermore, Sn had a positive effect in this bay since Abu-Qir
Drain receives industrial wastewaters from 22 different facto-
ries of food processing and canning, textile manufacturing, pa-
per and fertilizer industries (Shreadah and Tayel, 1992).
Although Se had low concentrations, it strongly affected the
variance in surface sediment composition of Abu-Qir Bay.
Factor analysis for the Eastern Harbour region
Rotated Varimax factor analysis was also applied on Fe, Al,
Mn, Zn, Pb, Cd, Cu, V, Sn, As and Se (Table 9). Three factors
explaining 81.4% of total variance were adopted for total hea-
vy metals in sediment. Factor 1, which described 34.8% of the
variance, had a highly positive factor loading for Fe (0.955),
Mn (0.929), Zn (0.840) and Cu (0.929) revealing the same
source for these elements. Factor 2 (30.5%) had a high positive
factor loading to Al (0.775), V (0.742) and As (0.849). Factor 3
(16.1%) described positive loading for Se (0.817). Moreover,
results indicated that Al, V and As had a positive effect in this
Table 9 Varimax normalization rotated factor loadings for heavy metals in sediments of Abu-Qir Bay and the Eastern Harbour.
Variable Abu-Qir Bay The Eastern Harbour
F1 F2 F3 F1 F2 F3
Fe 0.895 0.402 0.100 0.955 0.236 0.144
Al 0.597 0.581 0.219 0.293 0.775 0.208
Mn 0.904 0.267 0.149 0.929 0.254 0.059
Zn 0.015 0.925 0.097 0.840 0.498 0.100
Sn 0.152 0.144 0.886 0.245 0.166 0.707
Cu 0.183 0.935 0.028 0.802 0.564 0.032
Pb 0.902 0.127 0.019 0.696 0.615 0.034
V 0.698 0.384 0.300 0.142 0.742 0.545
As 0.668 0.329 0.081 0.021 0.849 0.236
Cd 0.904 0.211 0.081 0.204 0.591 0.415
Se 0.045 0.424 0.819 0.107 0.210 0.817
% of variance 41.799 25.600 15.000 34.800 30.500 16.100
Cumulative % 41.799 67.399 82.399 34.800 65.300 81.400
Note: Extraction method: Principal component analysis; Rotation method: Varimax with Kaiser Normalization; marked loadings are >0.70;
rotation converged in 4 iterations; N= 14 in Abu-Qir Bay and the Eastern Harbour.
Metal pollution in surface sediments of Abu-Qir Bay and Eastern Harbour of Alexandria, Egypt 11harbour. This revealed that the Eastern Harbour is suffering
from a source of pollution for these elements resulting from
several kinds of human activities such as ﬁshing, yacht sport,
land-based efﬂuents, boat building workshops, recreation
and sailing boat anchoring inside the Harbour (Saad and
Shreadah, 1984). In spite of the low concentrations of Se, it
strongly affected the variance in surface sediment composition
of the Eastern Harbour.
Conclusion
The purpose of this study was to assess the pollution status of
some selected metals Fe, Al, Mn, Sn, Zn, V, Cu, Pb, As, Cd
and Se in surface sediments collected from Abu-Qir Bay and
the Eastern Harbour of Alexandria along the Egyptian Medi-
terranean coast. The results indicated that sediments of Abu-
Qir Bay had high EF values for Sn and Cd revealing anthropo-
genic sources. This was supported by CF (>6), mCd, and Igeo.
The Igeo values for Mn, Zn, Pb, Cu and V revealed an unpol-
luted status. Risk assessments based upon soil quality guide-
lines proved that most of the sediment samples can be
regularly and occasionally associated to toxic biological effects
for Cd and Sn. On the other hand, sediments of the Eastern
Harbour showed high EF values for Sn and Cd while CF
showed high values for Sn, Cu, and Pb. Most of the sediment
samples can be regularly and occasionally associated with toxic
biological effects due to Sn and Se according to the effect-
range classiﬁcation. In spite of low concentrations of Se, it
strongly affected the variance in surface sediment composition
in both Abu-Qir Bay and the Eastern Harbour. According to
the PLI most of the studied sites in both regions were found
to be polluted (PLI > 1) suggesting inputs from anthropo-
genic sources. MPI indicated that the highest values (21.15
and 24.78) found at stations 2A and 11E for Abu-Qir Bay
and the Eastern Harbour, respectively were due to the presence
of the main sewage tube, several kinds of human and industrial
activities as well as agriculture drainage water discharged into
Lake Edku. These results demonstrated the ecological risk of
some metals and the need for an environmental monitoring,
supporting the development of an efﬁcient remediation strat-
egy to reduce the local pollution and contamination of wastes
and drains.References
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